Surveys of and complaints about the information explosion and the inundated reader are common. While it fits in with the temper;and tenor of the times either to join the wallers at the wall or to say that nothing is wrong, the first course is ineffectual and the second ignores the facts.
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Surveys of and complaints about the information explosion and the inundated reader are common. While it fits in with the temper;and tenor of the times either to join the wallers at the wall or to say that nothing is wrong, the first course is ineffectual and the second ignores the facts.
Mindful of the saying that people always complain about the weather but never do anything about it, the authors of this paper decided that what is called for is not complaint, but analysis and action. By proposing specific action in the restricted field of scientific journals, we have attercpteduto make our criticisms and comments intelligible and pointed.
Scientific journals provide a system for formal, public, and orderly communication among scientists. By formal we mean that papers which have appeared in journals can be cited and retrieved unambiguously. By public we mean that journals are available to anyone in libraries or by subscription, and anyone can submit a paper. By orderly^1^ we mean that the Inputs are accepted or rejected by the scientific community itself on the basis of merit. We believe that such a system is and will remain vital to the scientific community.
At the present time, however, scientific journals are threatened by competition both from preprint exchange systems, which are public but not formal or orderly, and from invisible colleges, which are formal and orderly but not public. The union of these competitors is neither formal nor public nor orderly, and must not be allowed to replace the journals.
Yet there are many real problems associated with communication via published papers. Some, such as the everincreasing volume of literature, are inevitable consequences of the growth of science. Others, such as premature publication and inadequate refereeing, spring directly fafrbm frailties of human nature. If we are to make any significant progress, it is important that we avoid quixotic forays against these kinds of problems and concentrate our energies on achievable objectives.
We shall now propose a change in the form of journal distribution, made possible by the advent of large high speed computers. We believe that this change would offer immediate benefits to readers, authors, and publishers, that it will be adopted by most leading journals during the next few decades, and that the long range effects will be profound and far reaching.
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Our proposal is-that journals stop binding papers into issues, and instead distribute to each subscriber a stream of papers,, abstracts, and titles, specially selected to conform to his own personal and perhaps frequently changing desires. This would certainly not enable a.scientist to read all of the papers which might be useful to him, but it would permit him to spend his reading time more efficiently and to maintain his personal files more effectively. As a corollary, the probability of an important paper being unnoticed or quickly forgotten would decline substantially.
At this point it seems essential to insert several remarks in order to avoid any possible misunderstanding. It would of course be possible to request all papers accepted by a journal, and it seems likely that many libraries and some individuals would do so. Also, libraries would bind the papers into volumes under the present system. On the other hand, we recognize that some journals, like newspapers, are primarily intended for browsing and must continue to be bound into issues in order to fulfill that role. Such journals might also distribute individual papers to those who desire them. Subscribing to individual papers from such journals would be analogous to subscribing to a newspaper clipping service.
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The problem of describing papers and readers 1 interests in such a way that the descriptions can reliably be compared Is clearly of the utmost importance, and we consider the following propositions to be fundamental:
(l) -Descriptions by subject of papers and of readers 1 interests should be based on a simple hierarchical vocabulary, other community which the journal serves.
(2) The description of a paper should be obtained by asking its author(s) to describe the readers to whom it should be sent. We shall refer to such a description as a distribution list. Although many authors would consider indexing to be a tedious and::-unrewarding chore, most will recognize distribution as a matter of immediate self Interest. [3] in that the readers and authors belong to a community of shared Interests, and the collection of papers can be viewed and treated-aa a journal.
Much of our proposal was anticipated in 1948
by J. D. Bernal [4] , who also advocated a distribution system organized around the journals. However, he apparently failed to realize the difficulty of the selection process, and furthermore no such system would be viable without the aid of a large high speed computer.
In the remainder of this paper we shall survey the problems of the journals from various viewpoints, examine the proposed system in more detail, and discuss the operation of the MERCURY system.
Brown Too Much and not Good Enough
The most common complaints about the current literature can be summarized by the phrase "too much and .
-not good enough". It is said that too many papers are written, too few are well written, and too few contain anything new and significant. Many of the complainers imagine that they ^re describing a new condition, but in fact such sentiments have been heard regularly for more than 3-1/2 centurie's. Price (see page 63 in [5] ).
quotes Barnaby Rich in 1613 as saying, "One of the diseases of this age Is the multiplicity
• of books; they doth so overcharge the world that it is not able to digest the abundance of idle matter that is every day hatched and brought forth into the world."
To get a perspective on the situation, let us consider the fate of a typical scientist. In choosing a specialty he will surely define his interests narrowly enough that he will be able to keep up with the literature in some sense. As time goes by his specialty grows, It is important to realize that science is a spontaneouslygrowing system, and that society continues to support and profit from its growth. To prevent the publication of large numbers of papers would, in effect, be to deny this growth.
Therefore any attempt to do so would result in the birth of new journals, which would of course compete for the best papers as well as the worst.
Too Little and Too Late
Besides the cries of "too much and not good enough"
we sometimes hear a nearly opposite complaint which can be summarized by the phrase "too little and too late". As a consequence of the explosive growth of science there have arisen a number of fiercely active and competitive specialties in which the workers live in constant fear of being scooped.
In such fields every idea or experimental result must be published as soon as it is born, and thejre is a powerful urge to be aware of all that is written as soon as it is written. In some cases unrefereed documents, euphemistically called preprints, are distributed to large semipublic mailing lists, and perhaps never even submitted to journals. In
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-amplified form, the complaint of "too little and too late"
is that too few of the important papers are published in journals, and many of those that are published are obsolete before they appear.
In an attempt to cope with this problem, the National Institutes of Health established several experimental
Information exchange groups [6] . These public preprint exchange systems proved to be extremely controversial [7L arid will
. not be continued [8] .
A similar proposal [9] for high energy physics is currently being debated [10] .
The main objection to public preprint exchange systems is that they threaten formal and orderly communication via scientific journals. While agreeing that the threat is real, we also believe that the problem of "too little and too late" is real and requires some response. Furthermore, we believe that the journals themselves can and should provide the required response, and that by doing so they can minimize the dangers.
Specifically, we propose that the journals in highly competitive fields distribute preprints, at the request of the authors, to those readers who prefer not to wait for refereeing. A typical reader might elect to receive all papers including preprints in one or two narrow
. subjects, and only accepted papers in several other subjects.
Each paper could be assigned a paper number and a series of It is often suggested that the solution to this dilemma is for journals to send only titles or abstracts to their subscribers, who would ; then order copies of those papers that they really want. This suggestion is apparently based on the belief that one can quickly and reliably reject unwanted papers by reading their titles or their abstracts.
In fact, however, it takes little, if any longer to reject an unwanted paper which is wholly present, and the process is far more reliable and interesting. If complete papers are present, one can skim the cream from those of marginal value in less time than It would take to read their abstracts and order them, and one can read papers of definite value immediately without further delay.
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Titles and abstracts are useful, however, for at least two purposes. They can help a reader to maintain his awareness of who is doing what, and they can be filed conveniently.
Suppose it were possible to select for a given reader those papers, abstracts, and titles which he really should receive during a given month, in the light of his interests, his background, and the amount of time that he can most profitably allocate to reading. Then ideally, those items and no others should be sent to him, and attached to each should be a brief explanation of why it was sent.
Let A be the set of papers, abstracts, or titles which a reader really should receive (as defined above) during a given month, and let B be the set which he actually does receive. We now define the coverage of B as the fraction of A which B includes, and the relevance of B as the fraction of B which A includes. The coverage tells the fraction of "good" items that are received.
The relevance tells the fraction of received items that are "good".
If the relevance for a reader is low, then too much of his reading time is squandered on decisions. On the other hand, if the coverage is low, then he will miss many of the most valuable papers and waste his precious reading time on less valuable ones.
/
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It is easy to improve relevance at the expense of coverage by rejecting the least valuable sources, and conversely it is easy to improve coverage at the expense of relevance by including more sources. It is difficult to increase the product of relevance and coverage, which we shall call the quality.
In order to Improve the quality of the stream of papers, abstracts, and titles which he receives, a reader must have more flexible means of influencing it.
Our proposal for a new form of journal distribution is designed to provide these means.
Authors 1 Viewpoint
For an author publication provides the opportunity to stake a claim, to influence others, and possibly to achieve immortality.
In the eyes of an author, referees are harsh and incompetent, journals are inexcusably slow to publish, and other scientists Rediscover and republish his results as their own instead of reading and citing his papers.
The apparent harshness of a referee often stems from the fact that the paper in question is so written that its message is clear only to the author; and his apparent incompetence, from the fact that he failed to get the message.
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The slowness of journals to publish is in part due to their financial problems, which in many cases prevent them from growing and modernizing in response to the ever increasing load, and in part to the time which is inevitably required for refereeing. journal are read by more than a tiny fraction of the subscribers, and therefore any particular paper is sent to many more subscribers than are interested in it. It is this vast overdistribution of individual papers by the journals which causes low relevance for readers, and thereby makes it difficult for them to find the relatively few papers that they really should read.
Let A be the set of people to whom a paper, abstract, or title really should be sent, and let B be the set of people to whom it is actually sent. We now Now a typical journal is Intended to cover a particular, fairly well defined subject area. As science
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grows, the number of specialties, the number of scientists, and the number of papers per year within that subject area also grow, and of course the journal grows too. Unfortunately, the relevance of the journal to any particular subscriber decreases as its volume increases. Eventually, the journal must split into sections, as The Physical Review has recently done, or lose a growing share of its business (both authors and readers) to younger and more vigorous journals of narrower scope.
Besides the competition from narrower journals, a journal faces competition from preprint exchange systems (both private and public) and from invisible colleges.
All three forms of competition owe their success, if not their existence, to the failure of the journal to distribute promptly to its subscribers with high relevance and high coverage.
Using present methods a journal cannot achieve this.
Our proposal for a new form of journal distribution is designed to make it possible.
Overview of the Proposed System
Let us now consider the operation of the proposed system, its costs, and some of its effects. An author will submit his manuscript to the editor as at present, except
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that a distribution list, consisting of one, two, or perhaps three subjects from the standard vocabulary, will be included.
Similarly, a reader will submit his request list to the editor for entry into the system. He may elect complete papers
In some subjects, abstracts in others, and titles only In others.
The system may be organized so that a reader receives papers and abstracts separately as they come out, or in batches at regular intervals (perhaps monthly). In the first case, the computer will print a set of addressing labels for each paper or abstract. In the second case, the computer will print an addressing label and a list of papers and abstracts for each reader. In either case, the computer will print a list of titles for each reader at regular intervals.
Readers will be delighted by the vastly increased relevance of their mail. As soon as they get used to this, they can be expected to subscribe to more journals in order to get improved coverage as well. Readers will also find separately bound papers easier to file and to retrieve.
Since large journals will have equal relevance and greater coverage than small ones, journals will tend to grow larger rather than more numerous.
Under the present system the cost of printing and distributing a paper in a high circulation journal can be in excess of $50.00 per page. Because of an order of magnitude reduction in the number of copies that would be required, the proposed system would provide substantial savings in certain areas. In particular, the cost of paper and ink would be reduced dramatically, and it might be possible to use less expensive methods of printing. Unfortunately, these savings may not be sufficient to offset the increased handling costs which will inevitably accompany any attempt to treat each reader, and each paper, on an individual basis,
We are convinced that the value of this individual treatment will be far greater than the cost, to readers and authors alike. Under the present system, the costs are divided between authors, readers, and (in some cases)
advertisers. Under the proposed system this kind of apportionment will continue. An author's payment will depend not only on the number of pages, but perhaps also on the number of subjects in his distribution list. A reader's payment will depend on the number of subjects that he requests, and on the options (see below) that he chooses. Journals which carry advertising will presumably bind in a few ads with each individual paper. Advertisers, like authors, will use the standard vocabulary to achieve selective distribution, and the distribution of an ad, like the distribution of a paper, will have improved relevance and coverage.
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Statistics about the interests of authors, readers, and advertisers will provide a motion picture of scientific activity, which will be of great value to those who are concerned with the education or financial support of scientists, or with the history, philosophy, or sociology of science.
Vocabulary
At the heart of the proposed system is a standard vocabulary, in terms of which authors' distribution lists and readers' request lists are. composed. To achieve distributions of high quality, It is necessary to assure that most individuals use the same term when they mean the same subject and mean the same subject when' they use the same term. This goal requires that the vocabulary be sufficiently small and well structured to be comprehended as a whole. A thick directory containing many thousands of terms is simply not suited to the task.
What is needed is a carefully structured hierarchical vocabulary of at most a few hundred terms.
The limitation to a few hundred terms is imposed not only by the unreasonable difficulty of comprehending the structure and content of a much larger vocabulary, but also by another consideration. To fulfill its purpose, the vocabulary must represent a world view of the subject area covered by the journal, and that world view must be shared, By contrast, a journal subscriber may want to receive Vfo to 10^ of the papers which the journal publishes. Since most papers will be distributed to subject terms at the narrowest level in the vocabulary, the number of papers per year distributed to any one term will be at most a small multiple of the ratio of papers per year to terms. The vocabulary needs only enough terms to avoid an excessive value of this ratio.
Unfortunately, it is difficult to write a suitable vocabulary. The main problem is that the world view which the vocabulary presents must seem right not only to the generalists who see the field as a whole, but also to the many specialists who see various portions of the field in intimate detail.
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In constructing' tree-like classification systems such as the Dewey Decimal System, librarians have always been troubled by the one-place-on-the-shelf problem. Stated simply, the aim of such a classification system is to permit one to arrange all of the books in the collection on what is logically a single very long shelf in such a way that the distance between books is an approximate measure of their dissimilarity, but the nature of knowledge is such that this is impossible. This impossibility becomes manifest when one tries to find a rational division of a subject into disjoint subsets. If the division is rational,, the subsets always seem to overlap. Fortunately, the journal distribution problem does not involve a jhelf, real or conceptual, and therefore this problem can be evaded. The key is to abandon the insistence that the subdivisions of a given subject be disjoint. Instead, any two subjects at a given level may overlap, and the overlap may manifest itself in a shared descendant at the next narrower level. For example, both physical chemistry and chemical physics might be subdivisions of both physics and chemistry.
For most retrieval purposes the distribution vocabulary will be too coarse. Therefore, journals will continue to publish indices as at present. However, for some retrieval purposes, including the construction of bibliographies, the distribution vocabulary may be very well suited. In order to fulfill its primary purpose, this
Brownvocabulary will require periodic (perhaps annual) revision to reflect changes in man's understanding. Since a search for a paper written in a given year will have to be based on that year's edition of the vocabula*ry, libraries will have to keep all editions, and users of an old edition will have to be conscious of the world view which prevailed when that edition was written.
Options
Once a reader has decided that he is interested in papers which pertain to a particular subject or set of subjects, there are a number of options he may wish to consider. Alternatively he might want to select a set oft options first, and then list the subjects to which that set applies. In either case, different options can apply to different subjects. The following list of possible options is intended to be suggestive, not exhaustive.
The preprint option permits a subscriber to receive both preprints and final papers in the given subject area, instead of final papers only.
The abstracts-only option permits a subscriber to receive only abstracts of papers in the given subject area. He can then order complete copies of any papers that he wants.
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The titles-only option permits a subscriber to receive only titles (cumulated periodically) of papers in the given subject area. He can then order abstracts or complete copies as desired.
The panoramic option applies only to subjects which are not at the narrowest level in the vocabulary.
A paper distributed to such a subject is supposed to cover the subject broadly and not be included within any one or two of its narrower subjects. The panoramic option permits a subscriber to receive only these broad papers. Otherwise he would also receive all papers distributed to narrower subjects.
The specified-author option permits a subscriber to receive all papers by a specified author.
The specified-institution option permits a subscriber to receive all papers with authors from a specified institution.
Finally, the citation option permits a subscriber to receive all papers which cite a particular paper or a particular author.
Mercury
We shall now describe the MERCURY system [11] for selectively distributing internal technical reports at Bell Telephone Laboratories. These reports collectively As an example, the section for the Computing and Information
Sciences is exhibited in Figures 1 and 2 .
To distribute a technical report, an author fills out a MERCURY distribution form as illustrated in Figure 3 .
In addition to subject code words, he can also list individuals and organizational units. To enroll as a reader, a staff member fills out a MERCURY request form as Illustrated in Figure 4 . In this example the asterisks appended to 4-letter subject code words indicate that the panoramic option (see above) does not apply. When a reader receives a cover sheet (i.e., an abstract) or a complete copy of a technical report, the addressing label includes a brief explanation of why it was sent. Several examples of addressing labels are shown in Figure 5 . In either case there is a significant increase in quality.
We believe not only -that MERCURY is valuable in its present context, but also that it is relevant to the larger problems of scientific journals. A journal is an integral part of the professional society or other community which it serves. The vocabulary which readers use to request papers and which authors use ,to distribute them should be tailored to the views and .
interests of this community. It should be small enougif to be comprehended as a whole, but large enough to provide a reasonable degree of selectivity among the published papers.
It seems unlikely that the vocabularies of different journals will be identical or even compatible in the regions of overlap, but we do believe that a reader will be able to understand and use all of the vocabularies which Intersect his fields of interest.
The proposed system will enable journals to treat their readers and authors as individuals, and thereby to serve them more effectively. Furthermore, it will help them to meet the competition from invisible colleges and preprint exchange systems, and to grow without breaking apart. 
